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KEY
1. Cooling tower 8. Condensor 15. Coal hopper 22. Air intake
2. Cooling water pump 9. Intermediate pressure turbine 16. Pulverised fuel mill 23, Economiser
Y 3. Pylon (termination tower) 10. Steam governor 17. Boller drum 24, Air preheater

n\| }: 4, Unit transformer 11. High pressure turbine 18. Ash hopper 25, Precipitator
5. Generator 12. Deaerator 19. Superheater 26. Induced draught fan
6. Low pressure turbine 13. Feed heater 20. Forced draught fan 27, Chimney stack
7. Boiler feed pump 14, Coal conveyor 21, Reheater
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1. Cooling tower 8. Condensor 15, Coal hopper 22, Air intake

2. Cooling water pump 9. Intermediate pressure turbine 16. Pulverised fuel mill 23, Economiser

3. Pylon (termination tower) 10. Steam governor 17. Boller drum 24, Air preheater

4, Unit transformer 11. High pressure turbine 18. Ash hopper 25, Precipitator

5. Generator 12. Deaerator 19. Superheater 26. Induced draught fan

6. Low pressure turbine 13. Feed heater 20. Forced draught fan 27, Chimney stack

7. Boiler feed pump 14, Coal conveyor 21, Reheater
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Condenser Pressure is the #1 Source of
Controllable Excess Heat Rate

Table 2-2
Parameters Most Often Monitored by Utilities with Controllable Loss Programs and their Typical Deviatiolzls

Parameter Heat Rate Deviation Per Percent Change Typical Deviation Heat Rate Deviation
From Expected Valve (Btu/lkWh/%) From Expected Value
(Btu/WKHr
Backpressure 2.3 50.7 117.1
Auxiliary Power 5.1 11.6 59.2
Excess Oxygen 1.1 36.9 40.9
Makeup 2.3 13.0 30.8
Unburned 0.3 27.7 20.3
Coal Moisture 0.6 16.6 9.6
Throttle Temp. 13.4 -0.7 8.8
Hot Reheat 14.2 -0.6 8.6
Feed. Inlet Temp 442 -0.2 7.5
H.P Efficiency 16.9 -0.3 49
EPRI TR-109546
Heat Rate Improvement Manual RheoVac® & Rheotherm®
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Quantifying Condenser Performance

Gross Condenser Measured Excess
: Design Condenser Condenser
Generation
Pressure Pressure Pressure
100 MW 2.0"HgA 2.6"HgA 0.6"Hg Quantifiable
- - . Excess BP Using
500 MW 3.0"HgA 3.8"HgA 0.8"Hg Average Value
1000 MW 4.0"HgA 5.2"HgA 1.2"Hg Parameters
Cleanl inessAFactor (%)
Excess
Condenser
Pressure
0.6"Hg
0.8"Hg
1.2"Hg

INTEK

Real-Time Quantifiable Excess BP Components Using Intek's
Comprehensive Condenser Monitoring and Analysis Approach

» Rheotherm®
uments
skflow.com
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Instrumentation: put a microscope on
your condenser

Cooling Water Flow,
Steam Duty

Temperature & Fouling
Steam Pressure & Temperature (Patent Pending)

N SO, | CW Outlet Temperatures
'b l wa\;,_ : Rl ‘
Air In-Leakage & o~ \ Condensate Flow
Vacuum Equipment 1 < Condensate Temperature
Capacity Condensate Chemistry
(patented)

Total CW f \
Flow Rate CW Inlet Temperatures RheoVac® & Rheotherm®
Instruments
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RheoVac® Multi-Sensor Probe (MSP)
and Output Measurement Data

Color Key
Air = Red

Water = Blue

Mixture = Purple

Air Flow In-Leakage Water Vapor Flow
(SCFM) (Ibs/hr)
12.7 206.1

Actual Volume Flow
(ACFM)
769.3

Water Vapor
Specific Volume

(ft3/1b)
223.4

Water to Air Mass
Ratio
(Ibs/lbs)

3.62

Total Mass Flow
(Ibs/hr)

263.3

Pressure
(“HgA abs.)
3.68

Relative Saturation
(%0RH)
93.2

Temperature
(°F)
119.2

RheoVac® & Rheotherm®
Instruments
www.intekflow.com



Circulating Water Flow and Fou

Ing Meters

A

INTEK

" "“Sinstalled in outlet waterbox tube ends

Y,

A

Unobstructe&‘*ﬂow.path

Flow Rate

- local -
(fps)

Outlet
Temperatures

- local -

(°F)

Heat Transfer
- direct measurement -
(Btu/Hr)

Cleanliness Factor

- baseline needed -
(%)

RheoVac® & Rheotherm®
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Example Condenser Monitoring System

120A0-3 Satellite Elec. #2
(New Conduit)
CWM 10027-9 ~ CWM 1002712 RS485-7

TCO03-1 = TCO3-8
(New Conduit)

CWM 1002713 ~ 10027-16
TCO4-1 =~

(New CoRduit)

Vagjluum Pumps

TC 053

(New Conduit)

To Vacuum Pumps

TC 052

-

LP Condenser

<€
n CWIn

...... _'1" <

RS4856

TC 05-1
RS4854

DeviceNet Cable
Single TC Wire
CWMITC Array Cable
Power Cable

PT Probe

TC Probe

Conduit

RheoVac Probe

tUTHLL

INTEK

HP Condenser

—=
o e SV Out
(NM’U

(11l
sask

atellite Elec. #

CWNM 10027-1 - CWN 100274
TCO1-1 - TCO1-8

viee eee — Rheotherm®
Instruments
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Advanced Evaluations

cocess | Lowow | Ao
Pressure Flow Rate Hl:ng_?e/;:(r In\?;etci:rt]ge Air Binding | fouling fouling
0.6"Hg
0.8"Hg
1.2"Hg

RheoVac® & Rheotherm®
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Ingersoll Rand Condenser

Persistent macrofouling problem
Advanced Instrumentation

Advanced Evaluation #1
400 MW Unit

2 shells and 2 passes
Open cooling water system

Satellite

P ac k ag e: Electrnnlcsuwm ﬂ 3
. — - 57195 -\
B 42 Instruments / ._«%
i Measurlng Id&h‘ﬁuuat inlet'Cutlet _ b .
P, T, F | : P
== l
f 1 Standby
Aux
j —— T
[ ]
¢=| Retum T Return ]r Return Return |
| .
2 Main Vacuum _l — _'J ngﬁc_1 RheoVac® & Rheotherm®
Pumps 57111 Main Instruments
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degraded the bundle heat transfer coeffi

Ineffective venting
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Unit Excess Heat Rate (Btu/kwh)

INTEK

INTEK

AE#1

Air Storage
1( Eé;f;?rgﬁlat Low CW - - Micro- Macro- |
Cond Flow Rate High Ineffective fouling fouling

¢ ~ondenser Air In-leak [RAVEILIILe

160 Btu/kWh 40 Btu/kWh | 60 Btu/kWh - 60 Btu/kWh [
g ]

560 Btu/kWh 200 Btu/kWh | 60 Btu/kWh - 300 Btu/kWh |
| 140 Btu/kWh 0BtukWh | 80 Btu/kwh i 60 Btu/kWh |-
600/ / FM | v I =
500/ ' 9 / =
400 | -
3001
200
100

0

.MyCondenser.com

RheoVac® & Rheotherm®
Instruments
www.intekflow.com 14



Advanced Evaluation #2

E 900 MW Unit
¥ Westinghouse Condenser
¥ 2shells and 2 passes
¥ Closed cooling water system
¥ Tube Scaling Problem
¥ Advanced Instrumentation P Elcrorsos
Package: e 7
E 77 instruments [T L Heio) oL
¥ Measuring: Y ¢ > ¢
P, T, FIO\%Rate |l
1st Stage Condenser 2nd Stage Condenser Satellite
Electronics
A TS| "T_———l! ,
Mg =7
e

5711
RheoVac® & Rheotherm®
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180

Daily Excess Heat Rate (Btu/kWh)
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INTEK

160"

Air Storage

Eé(;?:?rl(;lrenat Low CW J Macro-

High Ineffective P -
Condenser | oW Rate Air Ing-leak Venting Al ol
126 Btu/kWh - - - 106 Btu/kWh | 20 Btu/kWh -
80 Btu/kWh - - - 70 Btu/kWh | 10 Btu/kWh =
134 Btu/kWh - - - 112 Btu/kWh 22 Btu/kWh -

06/13 06/20 06/27 07/04
RheoVac® & Rheotherm®
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Advanced Evaluation #2
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Scale thickness [mil] estimate
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o
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The poor performance could not be explained by scaling alone

heoVac® & Rheotherm®
Instruments
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vs. Advanced Evaluations:
Defining Performance Degradation Mechanisms

EXCess Air Storage

Condenser
Pressure

Air Binding

0.6"Hg

0.8"Hg

1.2"Hg

¥ Many of these degradation mechanisms have
been well documented and studied

¥ Persistent air storage (air binding) due to poor
condenser designs has been recently discovered
and explained with better understanding of the
condensation process.

RheoVac® & Rheotherm®
Instruments
www.intekflow.com 18



Example Condenser Retrofit Results

r Westinghouse bundle design

¥ Outage work:

. Dense Pack
. Admiralty Brass to SS304
Intek Condenser Retrofit

=

Y

INTEK

A C'M’ derived
Patented Propriotary
Design and Method

RheoVac® & Rheotherm®
Instruments
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Postretrofit: Pressure Reduction

Saturation Pressure Comparison
Data Filtered For Main Steam Flow of 3200000 Ibs/hr + 2.5%
4.5
. Pre- Retroflt Manufacturer De5|gn Curve 85% HEI Adm | I |

# Pre-Retrofit - Admiralty Tubes
& Post-Retrofit - $5 Tubes 2008
aH Post-Retrofit - S5 Tubes 2009

Pre-retrofit data
L
HEI method of pre-retrofit design \ oad

= &
tn w tn
T T T

Saturation Pressure ("HgA)
M
I
L

it AIL: 20 SCFM

1.55 -

New design post-retrofit data

| | | | | | ] |
]55 60 65 70 75 80 85 90 95 100
Circulating Water Inlet Temperature {(°F)
www.MyCondenser.com

0.5-0.7"Hg reduction despite tube = © " e
material change from admiralty to SS | idiensm 20
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Retrofit Results

¥ Reduction in back pressure for all loads in all seasons with
corresponding reduction in fuel consumption and emissions

¥ Maintenance effort reduction due to increased AIL immunity from
20 SCFM to 85 SCFM* at typical operating conditions

¥ Condensate chemistry improved by reduction in dissolved gases
(lower DO and dissolved inorganic carbon)

| Beforeretrofit | _After retrofi

Tube Material Admiralty Brass 304 Stainless Steel
DO @ CPD (all load) 20-35ppb 2-4 ppb
Polisher Lifetime ~ 30 Days > 90 Days

Air In-Leakage Limit 20 SCFM 85 SCFM*
Thermal Stratification (@ Tube Sheet) 20 °F 4 °F

Back Pressure Improvement 05-0. 7" Hg

Heat Rate Improvement ~85-122 Btu/kWhr

* Dependent on pump capacity, which varies with operating conditions.

RheoVac® & Rheotherm®
Instruments
INTEK www.intekflow.com 21



Reduction in Gross HR

1.15 — [ ; ; ; ; ; ; ; i i i =
i Retrofit outage Spring 2008 ’
i 6.4% total HR reduction ’
i 1-2% from condenser
11 - 3% from dense pack upgrade | |
Q " i
S s _| i
a4 I 1
S 2105 - ~
T N
= i
D N
7))
3 N
— 1 -
O i
©
Q) L
N
- N
g L
o 0.95
Z -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

RheoVac® & Rheotherm®
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Ingersoll Rand Pre Retrofit

» Ingersoll Rand bundle design
® Outage work:

. Dense Pack

. Retubing

. Intek Condenser Retrofit

RheoVac® & Rheotherm®
Instruments
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Ingersoll Rand Design
Pre-retrofit

Pre Retrofit: HP Outer Loop
Inlet Temp. = 97.5°F

Load = 571 MW
Pressure = 4.8403"HgA
Mean Flow = 7.1294ft/sec
Air-In-Leak = 17.89 SCFM
4/1/2010 10:32 -
4/1/2010 10:44

<10%

20% GO‘EA) 80% 100 >120%

RheoVac® & Rheotherm®
Instruments
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Ingersoll Rand Design
Pre and Post -retrofit

Pre Retrofit: HP Outer Loop ‘ Post Retrofit: HP_l]uteroLoop
Inlet Temp. = 97.5°F Inlet Temp. = 99.2°F
Load = 571 MW : Load = 587 MW
Pressure = 4.8403"HgA ) Pressure = 3.8074"HgA
Mean Flow = 7.1294ft/sec 2 o Mean Flow = 6.6777ft/sec
Air-In-Leak = 17.89 SCFM - Air-In-Leak = 27.38 SCFM
4/1/2010 10:32 - 3 1/2/2011 10:02 -
4/1/2010 10:44 1/272011 1D:10
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Post-Retrofit Data — >560 MW

7 I I. 1 I 1 I T 1 1 T 1 I T 1 1 T 1 I T 1 1 T 1 I T 1 1 T 1
1 * History HP .
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Special considerations for Heat Rate
Improvement Via Condenser
Improvements

e Uprates

¥ Seasonal or Permanent Heat input limited
operations

¢ Variable frequency drive cooling water
pumps

¥ Cooling tower units/higher inlet
temperatures

RheoVac® & Rheotherm®
Instruments
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Conclusions

Poor condenser performance is often blamed
solely on ‘cleanliness’, but is more often a
result of many different factors.

Putting a microscope on your condenser
quantifies the impact of individual
performance degradation mechanisms.

This data can be used to make informed
decisions to rectify those mechanisms that
are economically worthwhile.

Many condenser designs remove air poorly
and operate at much less than their potential.

These designs can be fixed with a retrofit,
with a great increase in condenser
performance.

RheoVac® & Rheotherm®
Instruments
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For More Information

¥ Intek Semiannual Workshop
« September 21-22 2011
« Travel Workshops available

¢ Published Documents
« EPRI Balance of Plant 2008
« ASME Power 2010
« EPRI Condenser Technology 2008

« EPRI Air In-Leakage Intrusion and Prevention Guideline —
published March 31, 2008 — TR#1014125

« Intek technical literature

¢ MyCondenser.com & IntekFlow.com

= Tutorials, case studies, plotting tools, diagnostic modules,

RheoVac® & Rheotherm®
forums, condenser calculators ... ac & Rheol

INTEK www.intekflow.com 29




END
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